bjective: This study evaluated the influence of light sources and immersion media on the color stability of a nanofilled composite resin. Material and Methods: Conventional halogen, high-power-density halogen and high-power-density light-emitting diode (LeD) units were used. There were 4 immersion media: coffee, tea, Coke ® and artificial saliva. A total of 180 specimens (10 mm x 2 mm) were prepared, immersed in artificial saliva for 24 h at 37±1ºC, and had their initial color measured with a spectrophotometer according to the CIeLab system. Then, the specimens were immersed in the 4 media during 60 days. Data from the color change and luminosity were collected and subjected to statistical analysis by the Kruskall-Wallis test (p<0.05). For immersion time, the data were subjected to twoway ANOVA test and Fisher's test (p<0.05). Results: High-power-density LED (ΔE=1.91) promoted similar color stability of the composite resin to that of the tested halogen curing units (Jet Lite 4000 plus -ΔE=2.05; XL 3000 -ΔE=2.28). Coffee (ΔE=8.40; showed the highest influence on color stability of the studied composite resin. Conclusion: There was no significant difference in color stability regardless of the light sources, and coffee was the immersion medium that promoted the highest color changes on the tested composite resin.
INTRODUCTION
Color stability is an important parameter for modern resin-based filling materials. Several factors influence the color stability of contemporary lightactivated materials, such as the photoinitiator system, the resin matrix, the light-curing unit used for polymerization, and the irradiation times 14 . The phenomena of sorption and solubility may serve as precursors to a variety of chemical and physical processes that create biological concerns as well as produce deleterious effects on the structure and function of a resin matrix 24 . These effects include swelling, plasticization and softening, oxidation and hydrolysis 11 . As a consequence, there is a decrease of the color stability, promoting higher susceptibility to staining.
Thus, for suitable performance, longevity and good clinical success of esthetic restorations, the material of choice should present adequate intrinsic characteristics 3 that are specific for each procedure and also that its polymerization is ideal 16 , with this aspect directly related to the light-curing units and their use.
Some light-emitting diode (LeD) light-curing units show a similar performance to quartztungsten-halogen curing units, while others seems to be less efficient 2 . These properties included depth of cure (DOC), compressive strength, flexural strength, hardness, and degree of polymerization or double-bond conversion 9 . However, some researchers have reported lower hardness or lesser degree of double-bond conversion in resin-based composites polymerized using some LeD curing units 15 and this was attributed to low power density of 1 st generation. For 2 nd and 3 rd generation of LeDs, these properties were similar to that obtained by the halogen curing units 1, 5 . Color match is one of the most important characteristics of esthetic restorative materials. Color maintenance throughout the functional lifetime of restorations is important for the durability of a treatment 23 . Composite resin discoloration is multifactorial, including factors such as intrinsic discoloration and extrinsic staining. Nevertheless, a correlation is established between color stability and conversion rate, with incomplete polymerized composite resins showing reduced mechanical properties and greater discoloration susceptibility 17 . Many studies have shown certain beverages and foods affecting the esthetics as well as the physical properties (microhardness, surface roughness) of composite resins, undermining the quality and longevity of restorations. It may cause a reduction of Knoop microhardness in composite resin after coffee consumption 4 , which suggests that prolonged immersion in a high-temperature solution may lead to significant alterations in certain properties of the composites.
Accordingly, this study investigated the performance of LeD technology in comparison to halogen curing units for the photoactivation of an esthetic restorative material regarding its color stability after immersion in different media. Little research is available on the influence of this type of light source on color stability of composite resins when exposed to different media and immersion time.
MATERIAL AND METhODS
The factors under study were: light sources, at three levels (conventional halogen unit, high-power-density halogen unit and LeD) and immersion media at four levels (Coffee, tea, Coke ® and artificial saliva). The association between light sources and solutions resulted in 12 groups with 15 specimens each, totalizing 180 specimens. The specimens were randomly distributed using a random numbers table. each specimen was chosen to compose the experimental groups in the same way. The specimens had their color stability and luminosity evaluated at eight immersion times (T0 -24 h of immersion in artificial saliva, T1 -after 24 h of immersion in different media; T2 -after 48 h; T3 -after 7 days; T4 -after 14 days; T5 -after 21 days; T6 -after 30 days and T7 -after 60 days). The quantitative response variable was the color change values (ΔE) and luminosity values (ΔL), from CIELa*b* system.
A nanofilled composite resin was used (Filtek Supreme XT; 3M/eSPe, St. Paul, MN, USA; shade B1e) (Figure 1) , and the light-curing units selected for the study are presented in Figure 2 .
The composite resin specimens were randomly subdivided into 4 groups: the control group was maintained in artificial saliva and the three experimental groups were submitted to cycling in selected beverages ( Figure 3 ). The specimens were kept immersed in artificial saliva at 37ºC±1ºC in the interval between cycles. The drinks were used in their usual temperature of consumption, i.e., Coke ® ±10ºC, tea ±70ºC, and coffee ±70ºC. The temperatures were measured with digital thermometer.
One hundred and eighty samples were prepared using a 10-mm diameter x 2-mm thick stainless steel mold placed on a glass plate with a transparent polyester strip. These samples were prepared by inserting the composite resin into the mold cavity. To compact and remove the excess material from the sample surfaces, the mold containing the resin was covered with another polyester strip and a glass plate placed on top of it with a 1 kg weight for 30 s. Next, the weight and the glass plate were removed and the composite resin was light-cured with one of the light curing units selected from the polymer strip for 40 s, and then, the resin specimen was removed from the matrix. The bottom surface of the specimen was identified using a scalpel blade.
Material
There was no polishing on the specimen surface because most of the superficial smoothness was obtained with the polyester strip 13 . It is important to emphasize that the light tip of curing units had compatible size with the specimens' diameter to obtain complete polymerization of composite resin.
The color of the specimens was analyzed with a portable colorimetric spectrophotometer (Color guide 45/0, PCB 6807 BYK-Gardner GmbH Gerestsried, Germany) using an optical geometry of 45º/0º. The color was evaluated according to the color system CIeLa*b*, in which L indicates color luminosity (ranging from 0 to 100, that means black to white); a* determines the amount of red To determine the statistical method to analyze the data concerning the color and light change, the normal curve adherence test was performed to verify the sample distribution regarding its normality. As data distribution was not normal, the non-parametric Kruskal-Wallis test was used for comparison of the light source factors and immersion media. Regarding the immersion time, each subgroup was analyzed separately according to the immersion media to study the color variation with time. As data distribution was normal and homoscedastic, two-way ANOVA (immersion medium and immersion time, with 1 linked factor), and Fisher's exact test were used. A significance level of 5% was set for all analyses. Table 1 shows the mean standard errors of the color (ΔE) and light (ΔL) change of the specimens, according to the light sources.
RESULTS
Considering the light source factor alone, Table  1 shows that there was a statistically significant difference between the light-curing units, with Ultralume LED 5 showing less color change (ΔE) when compared to the XL3000, and similar to Jet Lite 4000 Plus (J Morita Corporation, Tarumi-cho Suita City, Osaka, Japan), with the last two similar to each other (p<0.05).
Regarding the light sources, the light-curing units Ultralume LeD 5 and XL 3000 (3M/eSPe, St. Paul, MN, USA) showed less change when compared to Jet Lite Plus 4000, which had a negative value of ΔL. promoting the greatest change of these optical properties, with negative ΔL followed by tea media, while for the saliva and Coke ® , the specimens showed positive values of ΔL.
The interaction of the factors time x immersion medium on the color and light change of the composite resin are shown in Table 3 .
There were statistically significant differences between the ΔE values in the time comparison of 24 h and 60 days of immersion for all studied media ( Table 2 ). Note that this assessment was performed intragroup and not intergroup. Among the media tested, Coke ® showed the lowest values of ΔE as a function of time and coffee presented the highest values.
Regarding the light change, Table 3 shows that, in general, comparing the initial (24 h) and the final (60 days) ΔL values, only Coke ® did not present a statistically significant difference of that property over time. It is also important to emphasize that of the four studied media, the one that showed the lowest values of ΔL was Coke ® , followed by tea, while coffee was the one that showed the highest changes.
Regarding the artificial saliva, it was observed that by the 14 th day of immersion, the values of ΔE were statistically similar. The highest changes were observed after 21 days, showing a statistically significant difference when compared to the 60 th day. Regarding light, little change was observed up to 21 days, increasing at times of 30 and 60 days of immersion.
The ΔE values of coffee were similar up to 48 h of immersion, and presented a statistically significant difference between 48 h and 7 days, 7 and 14 days, 21 and 30 days, and 30 and 60 days. ΔL showed similar behavior to that of ΔE.
Similar ΔE values of tea were found between 24 and 48 h and 48 h to 14 days. The immersion times of 21, 30 and 60 days showed different ΔE values among themselves and also different when compared to the previous time frames. Also, there were similar light values up to 21 days of immersion, but for times of 30 and 60 days, these values increased significantly.
For Coke ® , there was a statistically significant difference in color change (ΔE) only at the end of experiment (60 days of immersion), while for light, there was little change observed at the time of 21 days, with the other times remained similar to each other.
DISCUSSION
Composite resins are restorative materials that have been widely adopted for esthetic procedures due to their excellent properties and power of union to enamel and dentin. However, one of their disadvantages is the color change with time, which is a major reason for replacing restorations 25 . There are many extrinsic and intrinsic factors that influence color stability of composite resins 14, 18, 20, 25, 29 . In this study, the light source and immersion medium were analyzed as influential factors to optical alterations of a resin.
It is known that the efficiency of polymerization may influence discoloration, since the higher degree of conversion, the smaller the amount of residual monomers available to form colored degraded products 23 . Observing light sources as an isolated factor, it was noted that this might cause color alteration to the studied composite resin. The LeD unit showed the lowest color alteration (ΔE=1.91) when compared to QTH units (XL3000 -ΔE=2.28 and Jet Lite -ΔE=2.05). However, any light source presented significant color changes
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. This probably occurred because the light source interfered with the effectiveness of the polymeric conversion 22 , because the quality of the polymerization reaction associated to the composition of the resin matrix and the degree of conversion of the photoinitiator 14 are the elements responsible for the aesthetic restorative materials' color stability. Results of this study were similar to those found by Pires-deSouza, et al.
22 (2007), who found that the tested LeD equipment also showed lower color changes for a hybrid resin, when compared to a conventional halogen unit. Nevertheless, a research 31 showed no statistically significant difference in the color change results when the different types of light sources were compared. In addition, Soares, et al. 25 (2007) observed chemical changes in the resinous matrix of the resins polymerized by LeD, which produced more staining of the composite when that device was compared to the halogen light source.
Although the technology of LeD curing units has been widely studied, there are few studies in literature comparing the influence of this light source and and halogen lamps on the color stability of composite resins 1, 2 . This fact contributes to the lack of consensus about the equipment that produces the best results. In this study, it is believed that the advantage of LeD over conventional halogen lamp was because we used a high-power density LeD unit (790 mW/cm 2 ), which according to Bala, Ölmez and Kalayci 5 (2005) promotes a higher degree of monomer conversion and hence better results. In the aforementioned works, low and mean power density LeD sources (130-175 mW/cm 2 and 285 mW/cm 2 , respectively) were used. Another important factor is that LeD has more spectral purity than the conventional one, as it has a narrow band of light emission with a wavelength between 450 and 490 nm, with peak emission at 470 nm, and this is the coincident blue light band with the absorption spectrum of most of the photoinitiators included in the composite resins, which allows full use of the light emitting diodes 19 . Moreover, the process of obtaining light energy and its use by LeDs is greater than that of the halogen lamp, given that this can only convert 1% of the total energy produced into light, while the rest is dissipated in the form of heat, which can cause adverse thermal effects 5 . Besides the color change, the light source also affected the light change of the resin studied, drawing attention to the negative value for Jet Lite (ΔL=-0.23).
As Jet Lite is a high-power halogen light device (greater power than Ultralume 5 and XL3000), during the accelerated curing, it can promote the formation of polymer chains with lower molecular weight and residual monomers and, consequently, partial polymerization of the material, with part of the photoinitiator remaining idle. Camphoroquinone, which is the photoinitiator of Filtek Supreme, has a yellow coloring and its color changes when photoactivated, thus becoming "transparent". However, when the irradiation is not sufficient, a small amount of camphoroquinone remains inactive, causing a residual yellow in the final color of the composite resin, which may give a darker color to the material and this could be one of the factors that might have interfered in the composite resin light when photoactivated by the unit 14, 22 . Therefore, the light source is an important factor to be taken into account when an esthetic restoration is performed with composite resin. Nevertheless, this is not the only factor that influences the color stability of this material, taking into account other aspects, such as the means of imersion 16, 21 . Additional polymerization is not efficient for all materials and can be compensated by cross-linking reactions extending for 1 week after initial photoactivation 15 . In this case, in general only coffee surpassed the clinical acceptable limit, considering this an extremely perceptive change, while the other immersion media promoted slightly perceptible changes (saliva and tea) or imperceptible changes (Coke ® ) 18 . Comparing the results of this work with those of Patel, et al. 21 (2004) , the values of ΔE found for the specimens immersed in coffee were higher, however, those subjected to Coke ® , were similar. ertas, et al. 10 (2006) , comparing the immersion of the composite resin Filtek Supreme in various media (coffee, tea, red wine, Coke ® and water), found that both water and Coke ® showed a mild color change, while tea, coffee and wine had greater influence on the staining of this material. However, Fontes, et al. 12 (2009) observed that after 1 week of immersion in coffee, yerba mate or water, specimens did not show significant differences for ΔE values from the baseline, but the group immersed in grape juice presented significant color change on the nanofill composite resin studied. In addition, Tunc, et al.
27
(2010) observed that among various children's drinks in contact with microhybrid composites, cola drink was able to promote the highest color change compared with grape juice, chocolate milk and distilled water.
According to this study, the artificial saliva also promoted a slight color change in the specimens (ΔE=1.73), classified as slightly perceptible
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. The same result was obtained by Omata, et al. 20 (2006) , when comparing the color change of composite resin specimens immersed in distilled water and artificial saliva, which observed that the distilled water group did not undergo any color change, while the artificial saliva did.
Besides the light source and immersion medium, another factor to be considered in the color stability of the composite resin is the immersion time. This was also observed in the present research. However, the analysis of immersion time alone showed that the most pronounced color change occurred after 30 days and not in the initial hours. This finding disagrees with those of a previous work 6 , which showed that the composite resins evaluated underwent greater staining in the first 24 h and 7 days. This discrepancy can be attributed to the difference among the methodologies. In all studies cited in this work, the specimens were immersed in their respective immersion media during the entire experiment. However, in his work, as well as that performed by Garcia, et al. 13 (2008), a clinical situation was simulated and accordingly the sample specimens were immersed in their immersion media for 15 min daily. Analyzing the interaction between the factors in this work (light source and immersion medium) and time, it can be observed that the immersion medium was the one that influenced the color change of the composite resin.
For coffee, there was a color change in the resin since the first 24 h of immersion, similar to that observed by Yazici, et al. 30 (2007) , when the same composite resin was examined. This change progressed at each evaluation period until reaching the value of ΔE=17.49 after 60 days, which, according to the classification issued by the National Bureau of Standards -NBS 7 , means changing to another color. Although there was also a significant color change in the specimens immersed in tea, they underwent minor color change until 30 days and only changed in the period from 30 days to 60 days of immersion, when the ΔE ranged from 4.95 to 10.19. Yazici, et al. 30 (2007) observed the same behavior for tea. Regarding the time of immersion, the artificial saliva also influenced significantly the color stability of the composite resin (ΔE 24h =1.22; ΔE 60days =9.25). In contrast, Coke ® was the medium that had the lowest influence on the color stability (2006) , the staining capacity of the composite resin is related to extrinsic factors, such as the pigment agent is subjected to, and to intrinsic factors, such as loading particles and resinous matrix. In this study, the extrinsic factors related to color change were observed. However, the intrinsic factors cannot be left aside, since a recently developed composite resin was used. Topcu, et al. 26 (2009) has shown that the effect of the staining solutions might be different for distinct materials and found that a nanofilled composite resin (Filtek Supreme) had the least discoloration among other tested composite materials (Filtek Z250, Charisma and Quadrant).
The structure of the composite resin and the characteristics of its particles have a direct impact on its surface smoothness and its susceptibility to staining by external agents. In this work, the composite resin Filtek Supreme was studied, which is a nanocomposite containing primary silica particles of 20 nm and silica/zirconia nanoagglomerates with size ranging from 0.6 µm to 1.4 µm. Their resinous matrix is composed of Bis-GMA, UDMA, Bis-eMA and TeGDMA 29 . The cluster of particles -nanoclusters -found in Filtek Supreme, seems to produce less resistance to color change than the micrometric particles of silicazirconia found in microhybrid resins, and this can provide a high susceptibility feature to the water absorption of the studied resin 10 . UDMA is more resistant to staining than the Bis-GMA due to its low sorption and water solubility characteristics. In the microhybrid resin system, the main components are Bis-GMA, UDMA and Bis-eMA. In addition to these, there is still a small amount of TeGDMA, hydrophilic monomer, mixed with the UDMA and Bis-eMA, promoting a hydrophobicity characteristic to the composite resin. Filtek Supreme has the same resinous matrix formulation as Filtek Z250 and P60 (both microhybrids), but has a greater amount of TeGDMA, which only Bis-GMA mixed in it. According to ertas, et al. 10 (2006) , this seems to be the factor responsible for its high water absorption and greater susceptibility to staining. Although in this work Filtek Supreme was not compared to other types of composite resin, the hypothesis can be raised that the high staining caused by coffee, tea and artificial saliva may have also occurred due to the aforementioned characteristics of this new resin. Thus, although the nanoparticled composite resins were developed to improve the physical and optical properties of the composite, there are still few studies in this regard, hence suggesting that their performance should be further and better studied.
This in vitro study provided information on the color stability of a direct esthetic restorative material when photopolymerized by different light sources and subjected to immersion in various media. The obtained results are intended to help professionals working with esthetic dentistry in order to alert them of the need to choose the most favorable light source for each type of restorative material and patient, taking into account their eating habits and consumption of beverages containing dyes. A future research could be developed with an in vivo sample to simulate clinical reality.
CONCLUSION
Based on the employed methodology and the obtained results, it may be concluded that:
There was no significant difference between light sources on promoting changes of color stability of the composite resin;
Coffee was the tested immersion medium that had the most influence on color stability of the composite resin, followed by tea;
The immersion time gradually influenced the color stability of the composite resin up to 30 days of immersion, with the highest activity observed in the 30 to 60 day period.
